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cryopreserved, and the procedures are now routine in cattle, goats,
sheep, rabbits, and mice (Leibo, 1986). Pig embryos have been suc-
cessfully frozen at expanded blastocyst (entire zona pellucida) and
early hatched stages, but pregnancy rates are very low (Hayashi et
al., 1989). Three mouse embryo banks have been established for pre-
serving defined inbred and mutant strains of laboratory mice (Na-
tional Institutes of Health, Bethesda, Maryland; Jackson Laboratories,
Bar Harbor, Maine; and Medical Research Council Laboratories,
Carshalton, England).

Vitrification is another promising advance in embryo cryopreser-
vation. The process involves rapid cooling to transform cellular liq-
uids into a glass-like viscous solid without any ice or crystal forma-
tion. Success with embryos requires the use of a highly concentrated,
yet effectively nontoxic solution of cryoprotectants as well as rapid
cooling and warming rates (Rail and Fahy, 1985a,b). A vitrification
procedure for bovine blastocysts has been developed by Van der Zwalmen
et al. (1989).

Multiple Ovulation and Embryo Transfer

An important aspect of the use of embryos has been the develop-
ment of hormonal treatments leading to greater numbers of embryos
per donor female. The administration of a follicle-stimulating hor-
mone will cause multiple ovulations. After estrus is induced, the
donor female is inseminated. Embryos are usually obtained from
large animals, such as cattle, buffalo, and horses, nonsurgically while
those from other species are collected surgically. Yields are variable.
In cattle, six to eight embryos are obtained during the procedure.
Pregnancy rates of 60 to 70 percent with fresh embryos and of 40 to
50 percent with frozen embryos have been reported. These rates,
however, have been achieved and are slowly improving after sub-
stantial research, development, and experience with a few breeds.
Results for other breeds and species are variable, and further specific
research will be required to improve methods (see Appendix B).

A new series of technologies, again mainly in cattle, involves
collection and maturation of oocytes (unfertilized ova) and in vitro
fertilization. Oocytes may be aspirated from the ovary of a live ani-
mal or excised from the ovary immediately after slaughter. The oo-
cytes are then matured and fertilized in an artificial environment,
and they produce normal embryos to be transplanted into recipients.
These techniques are still in the developmental stage, but they will
increase the potential genetic contribution of individual females to
the population.